ABSTRACT
INTRODUCTION
Due to the increasing demand, resin-based composites have undergone a significant evolution over the last decades, regarding both physicomechanical and esthetic properties.
1,2 Thus , as composite resins (CRs) have the capability of remodeling the shape, recovering the function of the tooth, and maintaining the natural tooth appearance, and also being conservative because of their adhesion ability, their use both in anterior and posterior regions is fairly increasing. [3] [4] [5] [6] Considering these reasons, CRs are being employed as significant alternatives to ceramic veneers and porcelain-fused-to-metal crown restorations when esthetics are on the forefront. 7 To provide the esthetics of dental restorations, especially, at the anterior region is still one of the greatest challenges in clinical practice. 8 Regarding esthetics, the color stability of the restorative materials is one of the most important factors, which may cause the replacement of the restoration and lead to waste of extra time and money. In the oral cavity, there are several factors, such as drinking habits, humidity, temperature changes, and hygiene routine that influence the CRs' susceptibility to discoloration. [9] [10] [11] Discoloration of CRs may occur due to intrinsic discoloration or extrinsic staining or both. Intrinsic discoloration occurs depending on the resin matrix composition, initiator systems, conversion rate of matrix monomers, oxidation of the unreacted carbon double bonds, and the fillers' particle size and distribution. On the contrary, extrinsic staining occurs because of
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inadequate matrix polymerization, ultraviolet irradiation, water sorption, inadequate surface finishing, and adsorption of dietary colorants, such as coffee, tea, coke, fruit juices, and red wine.
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The drinks, above mentioned, are common in today's diet, and it has been proven by a lot of researches that some of them have the potential to stain resin composite materials. [9] [10] [11] [12] [13] [14] [15] However, there are some different kinds of beverages, such as traditional ones, which may have probable staining potential. Tamarind syrup, ottoman syrup, and turnip juice are some traditional Turkish beverages. These drinks have originated from the Ottoman cuisine and have been formed as a result of a mixture of various plants and spices. [14] [15] [16] [17] [18] There are very few reports in the literature about the discoloration effect of these kinds of materials on CRs. In their study, Stober et al 19 14 evaluated the color stability of restorative resin composites upon exposure to spices of turmeric, paprika, and tamarind (0.1% weight solution), and they stated that all the tested spices showed the potential of staining, but turmeric showed the most significant discoloration. Therefore, although the color stability of methacrylate-based CRs immersed in staining solutions has been widely investigated, [22] [23] [24] there are no in vitro studies, which evaluated the staining potential of these kinds of beverages. Hence, the purpose of this study was to determine the staining potentials of tamarind syrup, ottoman syrup, turnip juice, and, in addition, pomegranate juice on different methacrylate-based CRs using a spectrophotometer device based on the CIE L*a*b* color system. Moreover, there were two null hypotheses of this study:
• All the selected solutions have the potential of staining the CRs.
• There is no significant difference in discoloration among different composite types.
MATERIALS AND METHODS
A total of 175 disk samples were prepared from five different CR materials (Table 1 ) of shade A2 (N = 35, n = 7) by condensing the resins into standardized Teflon molds. Molds were held between two glass slides, which were covered with transparent polyester strips (Mylar, DuPont, Table 2 . Baseline color measurements (T0) were made before immersion. These measurements were performed using a VITA Easyshade Advance (Vident, Brea, CA) spectrophotometer device according to CIE L*a*b* system against a white background. 7 Randomly selected specimens from each material were immersed in 20 mL of the treatment solutions, which were kept in closed containers. Before each measurement session, the spectrophotometer was calibrated according to manufacturer's recommendations. Color measurements were made at a time interval of 3 days (T1), 6 days (T2), and 12 days (T3) according to the same procedure. Staining solutions were renewed every day to prevent microbial contamination. Differences in color (ΔE) and color coordinates (ΔL*, Δa*, Δb*) between baseline (T0) and T1, T2, and T3 measurements were calculated for each resin-based composite material and staining solution. The ΔL* represents the change in luminosity, Δa* represents the change in red-green parameter, and Δb* represents the change in yellow-blue parameter. Color stability was determined to evaluate the color difference (ΔE). The ΔE was calculated from the mean ΔL* Δa* and Δb* according to the formula
As data were normally distributed (KolmogorovSmirnov, Shapiro-Wilk), two-way analysis of variance was applied to evaluate and compare the effects of different materials and solutions on color changes regarding differences in ΔE, ΔL, Δa, and Δb. Furthermore, Tukey's honestly significant difference was used as post hoc test to evaluate data value of first and second time period in each group. The data analysis was performed using the Statistical Package for the Social Sciences version 19.0 (Inc, Chicago, Illinois, USA) with a significance set at p < 0.05 or less.
RESULTS
The means and standard deviations of ΔE values at T1, T2, and T3 time intervals are shown in Table 3 . At the end of the T1 period, the color change values (ΔE) varied between 2.83 and 6.93 (control group: 0.3-1.09). Clinically acceptable ΔE limits in all solutions except control group are shown in Table 4 .
The mean values of color change of the evaluated materials immersed in staining solutions at T1 to T0 period are represented in Table 3 . Regarding the stainability potential, Clearfil Majesty ES-2 immersed in turnip juice showed the lowest color stability overall in the first 3 days, while the highest color stability was by Cavex Quadrant Universal LC immersed in tamarind syrup. Regarding the staining potential, turnip juice had the highest staining potential overall. The statistical analyses revealed after T1 to T0 period are shown in Tables 5 and 6. For T2 period, the behavior of the materials and colorants is represented in Table 3 . Clearfil Majesty ES-2 immersed in pomegranate juice showed the lowest color stability overall, while the highest color stability was by Clearfil Majesty Posterior immersed in Ottoman syrup. Regarding the staining potential, turnip juice showed the highest potential overall. The statistical analyses revealed after the T2 to T0 period are shown in Tables 7 and 8 . The behavior of the materials and colorants for the T3 period are represented in Table 3 . Regarding the stainability potential, Clearfil Majesty ES-2 immersed in pomegranate juice showed the lowest color stability overall while the highest color stability was Tetric EvoCeram immersed in tamarind syrup. Regarding the staining potential, turnip juice showed the highest staining potential overall. The statistical analyses revealed after T3 to T0 period are shown in Tables 9 and 10 .
DISCUSSION
Since dental treatments are costly and time-consuming processes, their longevity is desirable. In oral environmental situations, restorative materials are continuously exposed to water, hot or cold drinks, and saliva. [25] [26] [27] [28] These not only physically, but also visually affect the restorative materials. In this context, regarding color stability and staining resistance, it is very important to detect and know the behavior of the restorative materials used. 3, 7, 28 In this present study, specimens were stored in staining solutions at 37°C in the dark for 12 days totally. A 24 hours of staining in vitro corresponds to 1 month in vivo, so this storage time was chosen to simulate the 1-year oral examination. 9, 28 According to the results of the present study, overall in all storage media, all the evaluated resin composites showed clinically unacceptable discolorations except T1 period. In this interval, resin composites of Tetric EvoCeram in turnip (Tables 5 to 10 ).
Hence, the first hypotheses, "all the selected solutions have the potential of staining the CRs" is accepted, but the second, "there are no significant differences in discoloration among different composite types" is rejected.
Anusavice et al 29 stated that instrumental colorimetric measurements can eliminate subjective errors. For this purpose, colorimetry and spectrophotometry techniques have been reliably used in various dental studies. [6] [7] [8] [9] [10] So, to avoid bias due to individual subjective evaluation of color change, a spectrophotometric device was used in this study that allows a quantitative color assessment. Color measurements of the samples were made with CIE L*a*b* system because this system is well suited for the determination of small color differences and has been previously used in a large number of studies. 30, 31 Quantitative measurements are made in L*a*b* parameters and color change difference is calculated as ΔE. Theoretically, if no color difference is detected after its exposure to the testing media (namely ΔE* = 0), it may be claimed that material is completely color stable. 25, 26 Since for the anterior vestibular restorations like composite veneers, the most relevant background is white, we also preferred to use white background in our study. 32 Resin composites used in dental restorations underwent color change when exposed to various storage media. The often-used solutions in research studies are coffee, black tea, red wine, coke, energy drinks, and some kind of soft beverages. 30, 32 In this sense, our study's difference were the staining solutions, such as tamarind syrup, ottoman syrup, and turnip juice, which were traditional (Table 2 ). There has been no article that evaluated the staining potential of these beverages on dental resin composites. Only in a few studies, some spices' staining potential on dental resins was evaluated, but, in these studies, only 1% solutions 14 or extracts were used, 21 and no beverages were evaluated. Yew et al 14 evaluated the discoloration of two contemporary composites on exposure to spices of 0.1% weight, i.e., turmeric, paprika, and tamarind, and they reported that turmeric significantly stained the resin composites, but tamarind slightly and only after 168 hours affected the color of the resin composites. In their study, Subramanya and Muttagi 21 found that the water extract of tamarind (600 mL water/60 gm tamarind powder) significantly discolored the autopolymerized tooth-colored acrylic resin. In this study, tamarind concentration highly corresponded to Yew et al's, and the authors stated that secondary metabolites, such as tannins, tartaric acid, and phenols were the primarily responsible agents regarding discoloration. In our study, tamarind-containing beverages (ottoman and tamarind syrups) showed significant discoloration values in all groups except in the T1 interval only for two composites for each beverage (Ottoman with Cavex Quadrant Universal LC and Clearfil Majesty ES-2 and tamarind with Tetric EvoCeram and Cavex Quadrant Universal LC) ( Table 4) . It probably occurred because of the concentration of tamarind and, especially, other substances present in the beverages (Table 2) . Neamat et al 33 reported that low pH levels of potentially colorant beverages soften the resin matrix and chemical erosion may occur thus, negatively affecting the integrity of the tooth-colored restorations surfaces. This degradation may cause more water absorption and accompanying discoloration. The pH values of all the beverages used in this study were at low levels ( Table 2) . Nezhadnasrollah et al 34 evaluated the discoloration effects of different herbal teas on exposure to different kinds of resin composites. In a part of their study, the authors stated that the highest discoloration occurred in the samples immersed in Hibiscus tea, which had the minimum pH value of 2.75. In a high possibility, since discoloration increased as time progressed, the low pH directly proportionally affected the discoloration in this present study. Dimensions of filler particles, volume of fillers in matrix, depth of polymerization, concentration and type of activators, initiators and inhibitors, oxidation of the unreacted carbon-carbon double bonds, coloring agents in daily diet, and resin matrix of dental composites are directly related to their color stability. 31 Various studies have reported that the matrix structure of resin composites has an important impact on discoloration.
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Namely, since urethane dimethacrylate (UDMA) does not have hydroxyl (-OH) side groups, it seems to be more color-resistant than bisphenol A-glycidyl methacrylate (Bis-GMA) because of its low water absorption and solubility characteristics. 8 A water-absorbing CR is also more likely to absorb water-soluble pigments in the diet, which may cause discoloration of restorations. 23, 35 In this study, all evaluated composites were methacrylate-based and nano-filled ones. In all evaluation periods, although it is commercially introduced as for the esthetic use, Clearfil Majesty ES-2 showed the lowest color stability as ΔE: 6.93 ± 3.57 at T1, ΔE:11.03 ± 0.44 at T2, and ΔE: 13.13 ± 1.37 at T3. In various studies, authors stated that UDMA-based resins compared with other methacrylate monomer-based ones are less willing to change their color due to low water absorption and low viscosity. [6] [7] [8] 10, 23, 35 Moreover, it is also stated that the volume of fillers is linearly associated with erosion resistance in that erosion may cause discoloration directly and/or due to discoloring agents. 36 On the contrary, less filler volume means more monomer matrix; so, this leads to more water absorption and degradation, which may cause more discoloration. 23 As another point, researchers stated that barium-glass particles may tend to be more water absorbing. 37, 38 When these factors are considered, we were forced to make decisions on the reasons of discoloration differences because all of the resin composites were Bis-GMA-based materials and also all of them were nanofilled and barium glass particle-containing dental composites. However, considering the % volume of filler contents of tested materials, differences were present. Especially, the most colored resin composite, Clearfil Majesty ES-2 was the least filler containing one. Therefore, based on the other studies, 3, [6] [7] [8] 12, 13 it can be argued that the filler content rate may have a significant effect on the color stability of resin composites. On the contrary, Clearfil Majesty Posterior was the second-most colored resin at the end of the study. But in contradiction, this composite was also the most filler containing one. Probably, rate differences of dimethacrylate derivatives in the monomer matrix and the surface treatments of the filler particles have a role in the discoloring differences we achieved in our study. For this purpose, we decided to do further studies on the interactions of these kinds of solutions with different kinds of resin composites. 
